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THE EFFECT OF SPANWISE ATLERON LOCATION ON THE ROLLING
EFFECTIVENESS OF WINGS WITH 0° AND 45° SWEEP AT
SUBSONIC, TRANSONIC, AND SUPERSONIC SPEEDS

By H. Kurt Strass
SUMMARY

The effect of spanwlise alleron locatlon on the rolling effective-
ness of 0.2-chord plain falred ailerons on untapered wing plan forms
having 0° and 45° sweep, NACA 65A009 airfoil sections, and an aspect
raetio of 3.7 has been investigated at subsonic, transonic, and super-
sonic speeds by the Langley Pllotlese Aircraft Research Division
utilizing rocket-propelled test vehicles. In addition, drag data are
presented for all the configurations discussed in this investigation.

The results show that, for unswept wings, there was 1little or no
change in the rolling effectiveness wlth spanwise aileron location of
the particular aileron configuration tested when the effects of control
ares and moment arm were taken into consideration. However, spanwise
control location on wings of 45° sweep is an extremely important
consgideration inasmuch as the inboard half-span alleron was much more
effective than the outboard half-span alleron throughout the entire
speed range tested and proportionally more effective than the full-span
alleron when the effects of control area and moment arm were taken into
consideration. The inmboard aileron contributed about 60 percent of the
full-span effectiveness at a Mach number of 0.7 with the proportion
continually increasing until at a Mach number of 1.5 and higher, the
inboard aileron was almost as effective as the full-span configuration.

In addition, data sre presented for s shielded horn balance attached
to the outboard half-span aileron configurastion for both the swept and
unswept cases. Little change in rolling performance was observed.
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INTRODUCTION

In continuence of a general investigation of wing-aileron rolling
effectiveness being conducted by the Langley Pilotless Aircraft Research
Divislon utilizing rocket-propelled test vehicles in free flight at
subsonic, tramsonic, and supersonic speeds, a limited investigation of .
the effects of spanwise aileron location on rolling effectiveness has
been completed. The purpose of these tests was to determine the rela- S
tive effectiveness of inboard and outboard plain aileroms in the sub- -
sonic, transonic, and supersonic regions. Two wing plan forms were -
employed: One was unswept with the ailerons at the inboard half-span, o ’
the outboard half-span, and the full-gpen location; the other'glan form S
used the seme aileron locations but the wing was swept back 45 Some
effects of varying the wing torsional rigidity are also presented. In
addition, relatively large shielded horn balances were attached to the
outer half-gpan aileron on both the swept and unswept wings to determine
the effects of this type of control upon the rolling effectiveness and o —
the drag. i

SYMBOLS : : T
b2 -
A agpect ratio 5 ) 3.7
b diameter of circle swept by wing tips (with regard to rolling

characterigtics, this diemeter is considered to be the
- effective span of the three-fin models), 2.18 feet

c wing chord parallel to model center line, 0.59 foot

Cpp drag coefficient based on total exposed wing area of B
1.56 square feet - S =

M Mach number l i

m concentrated couple, applied near wing tip in a plane _

parellel to free stream and normal to wing chord plane,
inch~pounds , T L

rolling velocity, radians per secopd —_— L

wing-tip helix angle, radlens

';Ugrg"d

Reynolds number based on wing chord parallel to model center
line _ - . .
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S ares of two wing panels measured to fuselage center line,
1.29 square feet

v flight-path velocity, feet per second

Czp rate of change of rolling-moment coefficient with wing-tip
helix angle

(7Y deflection of each aileron measured in plane perpendicular
to chord plane and parallel to model center line (average
for three wings), degrees

A ~ taper ratio of tip chord to root chord at model center line

A angle of sweep, degrees

ig average wing incidence for three wings measured in plane
of 3J,, positive when tending to produce clockwise roll
as seen from rear, degrees

e angle of wing twist, produced by m, at any section along
wing span in a plane parallel to free stream and normsl
to wing-chord plane, radians

(g) wing-torsional-gtiffness parameter measured at aileron

T

midspan parallel to free stream, radians per inch-pound
MODELS AND TESTS

The test vehicles used iIn the present investigation are described
in figures 1 to 4. The exposed wing area was 1.56 square feet, the
area of two wings taken to the center line of the fuselage was
1.29 square feet, the aspect ratio was 3.7, and the airfoil section was
the NACA 65A009. The allerons were of 0.2 chord and simulated sealed
allerons with no surface discontinuity at the aileron hinge axis. Two
wing plan forms were employed: One was unswept with the ailerons &t
the exposed inboard half-spasn, outboard half-span, and full-span
location; the other plan form used the same aileron locations but the
wing was swept back 45°. A cross section of the hornm balance is
presented in figure k4. .

The test vehlcles were launched st the Langley Pillotless Aircraft
Research Station, Wallops Island, Va. The test vehicles were propelled
by a two-stage rocket propulsion system to a Mach number of sbout 1.8.
During & 10-second period of coasting flight following rocket-motor
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burnout, time histories of the rolling velocity were obtained with
speclal radlio equipment and the flight-path velocilty was obtained by

the use of CW Doppler rader. These data, in conjunction with atmospheric

data obtained with radiosondes, permit the evaluation of the aileron
rolling effectivenegs in terms of the parameter pb/EV as a function of
Mach nunber. In addition, the veriation of drag coefficient with Mach
number was obtained by a method involving the differentistlon of the
curve of flight-path wvelocity esgainst time for power-off flight. The
sverage variation in Reynolds number with Mach number for the tests
reported in this paper is presented in figure 5. The technlique is
described more fully in references 1 and 2. - :

ACCURACY . -

Based upon previous experience the experimental accuracy is esti-
mated to be within the following limits:

gg (due to limits on model constructional accuracy) . . . . . . 10.005

g% (due to limitations on instrumentation) . . . . . ¢« . . . . *0.0005
Cpp (et subsonic speeds) .« « « « « « ¢ o « ¢« o ¢ « & « « « « « %0,003
Cpp (at supersonic speeds) . . « v o v v v v o o v o o o . . . 30.002
O o P!
iy (departure from measured velues), degrees . . « + « » - « . +0.10
8a (departure from measured velues), degrees . . . « « + « « » 30.25

_ TFigure 6 shows the typlcel effect of the moment of inertia about
the roll axis on the measured variation of .ﬁb/EV with Mach number.
The correction was made by applylng the method described in reference 1
and by uslng an arbitrarily estimated value of Czp = =0.2 for the

damping-in-roll derivative over the entire Mach number range. This
value for the damping coefficient was chosen to show that, for any
reasonasble value, the magnitude of the correction is small. The data
used in this peper have not been corrected for inertia effects.

The measured values of pb/2V have been corrected io values corre-
sponding to i, = 0° and By = 5°. The correction for incidence, which

was determined experimentally by means of test vehicles identical to

thogse of the present tests except that the ailerons were undeflected

and the wings set at small values of incidence, is given by the following
relation: :

1.51,

Tb _ : ' ’
A5 = 73 = 0.02621, - : -

[
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The correction for alleron deflection was made by dividing the measured
value of pb/EV by the actual aileron deflection and then multliplying
by 5.

RESULTS AND DISCUSSION

The effect of spanwlse location on the rolling characteristics of
plain, sealed, O.2-chord, trailing-edge allerons is presented in
figures 7 to 12, for both unswept wings and wings of 45° sweep, as
curves of pb/2V and Cp plotted against Mach number. In addition,
dreg deta are included as a matter of interest to illustrate the
relation between transonic drag rise and control effectiveness. The
data are presented flrst as separate plots for duplicate models of each
configuration in order to show the degree of accuracy obtained with
supposedly identical models. It will be noted in Pigure 8 that there
is a disagreement between the two flights as far as the sbsolute magni-
tude of pb/2V is concerned. As this difference is in the form of an
almost constant increment of 0.0l in the value of pb/2V rather than a
change in the shape of the curves, it is believed that a probsble
explanation of the displacement could be a differential error in wing
incidence of approximately 0.38° or an equivalent amount of wing twist.
In general, uncorrected data from duplicate models agree more closely
than the results presented in figure 8.

In figure 13 are summarized the results for all the configura-
tions tested. The rolling effectiveness parameter has been corrected
to 1y =0° and By = 50 and, for those configurations for which

results were obtained with more than one nominally identical model,

the results have been averaged. From examination of the summary plot,
it is spparent that 1f consideration 1s made for the effects of area
and moment arm the variastion of alleron effectiveness wlth Mach number
for the unswept wing plan forms 1s substantially the same for all three
configurations. In the region between M = 0.85 and M = 0.95, all
three configurations exhibited an sbrupt decrease in effectiveness at
the same Mach number. The full-span alleron on the swept plan form
exhibited a smooth transition from the subsonic to the supersonic range
but the partial-span allerons on the same plan form showed a small
discontinuity between M = 0.85 and M = 1.00. Although a comparison
of the rolling effectiveness of the inboard and outboard silerons for
the unswept wing sgreed with previous experience In that the inner half-
gpan aileron was less effective than the outer half-sgpan, a similer
comparigon for the 150 sweptback wing showed the inboard aileron to be
more effective. The outboard aileron on the swept wing had less rolling
effectiveness than the inboard although the moment arm for the outboard
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alleron was approximately twice as large as the inboard. The inboard
aileron contributed about 60 percent of the full-span effectiveness at

a Mach number of 0.7 with the proportion continuslly increasing until

gt a Mach number of 1.5 and higher the irboard location was almost as
effective as the full-span configuration. Note that the outboard sileron
maintained relatively good rolling effectiveness at the_highest speeds.
Included in figure 13 are egtimeted values of pb/EV obtalned by using
the data presented in reference 3 and the values of Cz given in

reference 4. The values of (3, were corrected for the slope of the

'1ift curve of the airfoil section used on the.test vehicles. This slope
was estimated to be 95 percent of the theoreticsl lift-curve slope. The
values presented are calculated for M-» 0 and predict the relstive
control effectiveness of the controls on the unswept wings but do not
appear adequate for swept wings at the speeds investigated.

The unusually low rolling effectiveness of the outer half-span
aileron as compared to the inmer half-gpan aileron on the sweptback wing
appesrs to be primarily an aerodynamic effect peculiar to that configu-
ration rather then a loss of control due to wing twisting, based upon
the results of two models which were included in the test progrem to
verify this phenomenon. The wing panels of the outer half-span check
model were made approximately twice as stiff in twist as the wing penels
of the basic models, and the wing panels of the inner half-span check
model were made spproximately three-guarters_as rigid in twist as the
baglic models, thereby accentuating the comparison between the two
aileron locations. From examinastion of the results presented in
figure lh it 1s evident that the relative logs in control effectiveness
due to structural deformation is small. This does not mean to imply
that there was no loss of effectiveness with increasing Mach number or
decreasing stiffness. According to references 5 and 6, the loss of
effectivenesss due to wing twisting at M = 1.8 was approximately
25 percent for the unswept models of identical construction. (See
figure 15.) Unpublished data indicate that unswept and sweptback models

of equal torsional rigidity experience approximstely the same relative
loss of control effectiveness at a given Mach number.

As & matter of interest some information on the effect of adding
a shielded horn balance to the outer halfegsparn configurations is
presented in figurés 16 to 18. Figures 16 and 17 show the data obtained
from duplicate models. In figure 18, averaged values taken from the two
preceding flgures sre compared with the plaln aileron configurations from
figure 13. The sddlition of the shielded horn balance apparently had no
appreciable effect upon the performasnce of the plain.aileron in the
supersonic reglon although & slight decrease in the magnitude of the
rolling effectiveness is apparent for the unswept configuration in the
region below M = 0.85. The drag was slightly higher for both of the
horn-balence ailerons. :

i
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CONCLUSIONS

An investigation to determine the effect of spanwise alleron loca-~
tion on the rolling effectiveness of wings with 0° and h5° sweep at
subsonic, transonic, and supersonic speeds 1ndicated the following
conclusions:

1. Spanwise glleron locatlon appears to have little effect on the
effectiveness of an 0.2-chord plain faired aileron on an unswept wing
plan form when sllowance is made for the effect of the area and moment
arm of the control.

2. Spanwise alleron location on wings of 45° sweep is extremely
critical. The inboard half-span aileron was much more effective than
the outboard half-span aileron throughout the entire speed range tested
and sbout 60 percent as effective as the full-span aileron at a Mach
number of 0.7 with the proportion continually increasing with increasing
Mach number untll at a Mach number of 1.5 the inboard aileron was almost
as effective as the full-span aileron.

3. The addition of a horn balance to the outer half-span plain
aileron configurations caused little change in the rolling effective-
ness of the control.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronsutics
Langley Air Force Base, Va.
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Figure 1.- Typical test vehicle.
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